Previously, we reported the isolation of cDNA clones representing four alternative splice forms of TCF-1, a T-cell-specific transcription factor. In the present study, Western blotting (immunoblotting) yielded a multitude of TCF-1 proteins ranging from 25 to 55 kDa, a pattern not simply explained from the known splice alternatives. Subsequent cDNA cloning, PCR amplification, and analysis by rapid amplification of 5 cDNA ends revealed (i) the presence of an alternative upstream promoter, which extended the known N terminus by 116 amino acids, (ii) the presence of four alternative exons, and (iii) the existence of a second reading frame in the last exon encoding an extended C terminus. Inclusion of the extended N terminus into the originally reported protein resulted in a striking similarity to the lymphoid factor Lef-1. Several of the TCF-1 isoforms, although less potent, mimicked Lef-1 in transactivating transcription through the T-cell receptor ␣-chain (TCR-␣) enhancer. These data provide a molecular basis for the complexity of the expressed TCF-1 proteins and establish the existence of functional differences between these isoforms. Furthermore, the functional redundancy between Tcf-1 and Lef-1 explains the apparently normal TCR-␣ expression in single Tcf-1 or Lef-1 knockout mice despite the firm in vitro evidence for the importance of the Tcf/Lef site in the TCR-␣ enhancer.
We previously identified and cloned the T-lymphocyte-specific transcription factor TCF-1 (15, 22) by virtue of its affinity for the sequence motif AACAAAG in the enhancer of a structural T-cell gene, CD3-ε. We recently reported on a gene disruption experiment which revealed that the TCF-1 gene is essential for early T-cell differentiation (28) . TCF-1 belongs to a family of proteins that utilize a region with homology to high-mobility-group (HMG) I proteins for sequence-specific DNA binding. This region has been termed the HMG box (10, 11) . Solution structures have recently been proposed for Lef-1 and Sry HMG boxes complexed to DNA (13, 31) . In addition, we have solved the three-dimensional solution structure for the related Sox-4 HMG box (26).
Human LEF-1, which is closely related to TCF-1, was originally identified as a T-cell-specific protein binding to the TTCAAAG motif in the T-cell receptor ␣-chain (TCR-␣) enhancer (29) . Murine Lef-1 was simultaneously cloned from pre-B lymphocytes by a subtraction strategy and was shown to bind to the same TCR-␣ motif (19) . In postnatal mice, Tcf-1 is uniquely expressed by T-lineage lymphocytes, whereas Lef-1 is expressed by T cells and by pre-B cells. By contrast, Tcf-1 and Lef-1 exhibit a complex and largely overlapping expression pattern in several nonhemopoietic tissues during murine embryogenesis (16) . Tcf-1 and Lef-1 derive from a recent gene duplication event, as evidenced by the cloning of a single chicken homolog (3) . The HMG boxes of Tcf-1 and Lef-1 are virtually identical and likely display indistinguishable DNAbinding specificities. Tcf-1 and Lef-1 binding motifs have been found in several other lymphoid cell-specific enhancers, including those of the TCR-␤, TCR-␦, and CD4 genes (5, 12) . Surprisingly, Tcf-1 and Lef-1 do not transactivate transcription from a reporter chloramphenicol acetyltransferase (CAT) gene that carries multiple copies of their minimal binding motifs (19, 22, 29) . Nevertheless, several studies have indicated that the Lef-1 site in the TCR-␣ enhancer is functionally important and that Lef-1 can transactivate transcription of a reporter gene through this site (1, 8, 9) . This transactivation is context specific, depending for its full activity on the simultaneous presence of three other factors (ATF/CREB, core-binding factor/PEBP2␣, and Ets-1) at defined flanking positions (9) . The HMG box of Lef-1 in isolation retains some contextspecific transactivation properties in the TCR-␣ model, as does the HMG box of the distantly related Sry protein (9) . Thus, part of the Lef-1 effect apparently relates to its ability to strongly bend DNA (7), a shared characteristic of sequencespecific HMG box proteins (6) . In an unrelated transcription model, it was shown by Sheridan et al. that Lef-1 controls activity of the human immunodeficiency virus enhancer in a chromatin-dependent fashion (17) . Specifically, Lef-1 was shown to counteract the repressive effect of chromatin assembly on the human immunodeficiency virus enhancer. No candidate target genes for Tcf-1 have been identified to date.
We originally reported that mRNA transcribed from the human TCF-1 gene was subject to alternative splicing in the region encoding the extreme C terminus of the protein, giving rise to four mRNA molecules: TCF-1A to TCF-1D (22, 23). The predicted molecular masses of these protein isoforms are about 30 kDa. Two observations prompted us to reevaluate the complexity of transcripts originating from the TCF-1 gene. (i) A minigene encoding these four isoforms was correctly expressed but did not complement the Tcf-1 knockout phenotype (27, 28) . (ii) Western blotting (immunoblotting) performed with an anti-TCF-1 monoclonal antibody revealed a multitude of bands between 25 and 55 kDa (this report). Here we report on the identification and functional characteristics of novel alternative transcripts emanating from the TCF-1 locus, some of which are remarkably similar in overall structure to Lef-1.
MATERIALS AND METHODS
Isolation of TCF-1 cDNA clones. Standard techniques were used for screening a human HPB-ALL library in pCDNA (10a) and a mouse thymus cDNA library in Lambda-zap (Stratagene). Probes encoding human exon IX and mouse 5Ј sequences were generated by PCR from the relevant cDNA clones (15, 22) . Oligonucleotides were obtained from Isogen (Amsterdam, The Netherlands).
Constructs. Hybrid TCF-1 constructs were generated by cloning a mouse PCR fragment, encompassing amino acids 1 to 130, into a BamHI-ApaLI-digested human TCF-1B clone. Oligonucleotides used were AGTGGATCCAGCGCAC CATGCCGCAGCTG and AGTGGTGCACTCCGGGGCCTT. TCF-LEF was constructed by PCR of the region encoding amino acids 1 to 118 of pCDNAp 45 TCF-1B, using vector T7 primer and oligonucleotide GTAGAGGCCTCCG GTGCACTCCGGGGC. This fragment was digested with HindIII and StuI and cloned into HindIII-StuI-digested pCDNA-hLEF-1.
␦LEF-1 was constructed by PCR of the region encoding amino acids 100 to 214 and addition of an optimal Kozak sequence, using the primers GGGAAGCT TGCCACCATGTACAACAAG and CTTGCCAGCCAAGAGGTGGGGTG. This fragment was digested with HindIII and EcoRV and cloned into HindIIIEcoRV-digested pCDNA-hLEF-1.
RACE. Total RNA from human thymus was prepared in RNAzol as instructed by the manufacturer (Cinna/Biotecx); the preparation was then subjected to phenol-chloroform extraction and 2-propanol precipitation. Rapid identification of 5Ј cDNA ends (RACE) analysis was performed as follows. Five micrograms of RNA was used to generate cDNA, using avian myeloblastosis virus reverse transcriptase and TCF-1-specific primers (Isogen). After separation of the reaction product from the excess of primers, cDNAs were tailed with dATP and terminal deoxynucleotidyltransferase; 1/100 of the tailed products was used in a standard PCR using tail-and TCF-1-specific primers.
Cell culture and transfection. The murine surface immunoglobulin G2A-positive B-cell line AZU2 was grown in RPMI 1640 supplemented with 10% fetal calf serum and antibiotics. AZU2 cells were transfected by electroporation as described previously (24) .
COS cells were grown in Dulbecco modified Eagle medium supplemented with 5% fetal calf serum and antibiotics. Transient transfections of COS cells with expression plasmids derived from pCDNA (Invitrogen) were performed by incubating the cells in suspension for 120 min with 1 g of plasmid in 3 ml of Dulbecco modified Eagle medium with 250 g of DEAE-dextran ml
Ϫ1
. Western blotting (immunoblotting). About 3 ϫ 10 5 cells were used as a protein sample. The cells were prepared as protein samples by washing them with phosphate-buffered saline (PBS) and resuspending them in 30 l of sample buffer. After sonification for 20 s and boiling for 5 min, the protein samples were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Gels were blotted to nitrocellulose membranes (Schleicher & Schuell, Keene, N.H.). The membranes were then blocked with 5% milk in washing buffer (PBS, 0.1% Tween 20) for 2 h, incubated with the anti-TCF-1 monoclonal antibody (culture supernatant) for 2 h, washed for 15 min in washing buffer, and incubated with peroxidase-conjugated rabbit anti-mouse immunoglobulin (diluted 1:2,000) for 2 h. The specific antibody signals were detected by using enhanced chemiluminescence (ECL kit; Amersham). For the quantification of TCF-1 protein in Jurkat T cells, a sample equaling 2 ϫ 10 5 cells was run and compared with standard amounts of recombinant TCF-1 protein (4). After detection by enhanced chemiluminescence (ECL kit; Amersham), the bands were scanned by densitometry and the amount of TCF-1 present in Jurkat cells was determined. From this, the number of molecules per cell could be calculated.
In vitro translation and gel retardation. The TCF-1 proteins used in the gel retardation assay were produced by using the Promega SP6 TnT rabbit reticulocyte lysate coupled transcription-translation system according to the manufacturer's protocol. To verify that proteins were produced in similar quantities, 1 l of the reaction mixture was Western blotted and stained with the anti-TCF-1 monoclonal antibody (see above). Gel retardation experiments were performed as described earlier (22). In short, 1 l of the transcription-translation mixture was incubated with 100 ng of poly(dI-dC) and 50,000 cpm of either oligonucleotide MW56, containing a TCF-1 binding site, or MW56-Sac, which does not bind TCF-1 (22). Bound and free probe were separated on a 5% polyacrylamide gel.
CAT assays. CAT assays were performed as described earlier (22). In short, 3 ϫ 10 6 cells were transiently transfected with 2.5 g of TCR-␣ enhancer CAT construct (8) and 75, 750, or 7,500 ng of expression vector by electroporation. The total amount of DNA was kept constant at 10 g by adding a nonrelevant plasmid. Forty-eight hours later, cells were harvested and freeze-thawed in 100 l of 100 mM NaCl-10 mM Tris (pH 7.4)-1 mM EDTA, 50 l of the lysate was added to 50 l of CAT cocktail ([ Nucleotide sequence accession number. The sequence reported has been assigned GenBank accession number X63901.
RESULTS
To aid the clarity of this discussion, Fig. 1 gives an updated gene structure of TCF-1, generated by the compilation of earlier information (15, 22, 23) with data from the current study (see below).
Western blotting of human TCF-1. We have recently generated a monoclonal antibody against human TCF-1 (4). The epitope maps to a peptide sequence encoded by the constitutive exon VI. The antibody allows biochemical analyses of TCF-1 proteins of T cells. Interestingly, we have found that TCF-1 protein is absent from standard nuclear extracts, as determined by gel retardation and Western blotting. However, it is readily visualized by nuclear staining and by Western blotting of whole cells or isolated nuclei (2) . We conclude that the TCF-1 proteins are intimately associated noncovalently with components of the nuclear matrix. The nature of this interaction is the subject of our ongoing research.
Western blotting performed on human thymocytes and Jurkat T cells resulted in a multitude of bands with deduced molecular masses of 25 to 55 kDa in SDS-PAGE ( Fig. 2A) . Identical patterns were observed when protein samples were reduced by ␤-mercaptoethanol, excluding the existence of disulfide-linked dimers (not shown). In addition, dephosphorylation of the samples prior to electrophoresis did not influence the banding pattern. To determine protein levels of the prominent TCF-1 isoforms in Jurkat cells, we compared immunoreactive TCF-1 in 10 6 Jurkat cells with a standard series of purified recombinant TCF-1 (Fig. 2B) Fig. 2B were about 60, 90, and 90 ng, respectively, equivalent to an estimated total of 3.9 ϫ 10 6 molecules of TCF-1 per Jurkat T cell. Since we could not explain the large sizes of some of the TCF-1 isoforms, we analyzed the TCF-1 cDNA sequence for previously unidentified reading frames. We thus noted a hypothetical splice form which encoded an extended C terminus. This splice form included exon VIII, spliced to the alternative exon IX, which was spliced in turn to the 3Ј-most of the three acceptor sites in exon X. The resulting frameshift opened a novel reading frame in exon X. The C terminus encoded by this alternative reading frame was termed TCF-1E. (The previously identified, overlapping reading frame encoding TCF-1B results from exon VIII spliced directly to the same acceptor site in exon X.) Significantly, the reading frames of TCF-1B (15, 22) and TCF-1E were both virtually completely conserved between human and mouse sequences (Fig. 3A) .
The expression of this hypothetical C-terminal reading frame was confirmed by screening a cDNA library from the human T-cell line HPB-ALL (which previously served to define TCF-1A to -D) with a probe specific for the alternative exon IX. Of on September 7, 2017 by guest http://mcb.asm.org/ 15 independent clones analyzed, 2 were identified as TCF-1C (exon IX spliced to the middle acceptor in exon X), whereas 13 encoded genuine TCF-1E C termini. The frequency of the TCF-1E splice form in the HPB-ALL library was estimated to be less than 5%. The vast majority of the C termini in the HPB-ALL library were of the TCF-1B type (not shown).
In the course of analyzing the putative TCF-1E clones, we noted the presence of three alternatively utilized exons. (i) An alternative exon IVA, identical at the protein level to the murine Tcf-1 IVA sequence (15) , occurred in about 50% of the cDNAs. Significantly, the human LEF-1 gene includes an alternative exon homologous to IVA at the corresponding position. Homologous sequences are also present in murine Lef-1 (19) and chicken Tcf-1 (3) ( Figure 3B ). (ii) Exon V was infrequently absent, resulting in an in-frame deletion of 40 amino acids. This particular splicing alternative was previously seen in the Tcf-1 ␦v knockout mice, in which it partially rescues the knockout phenotype (28) . (iii) Furthermore, we found an alternative exon IIA, which contained two in-frame stop codons (Fig. 3C) . The conceptual translation product of exon IIAcontaining mRNAs was a 155-amino-acid, non-DNA-binding peptide.
Expression of all these human isoforms in COS cells and subsequent Western analysis revealed that the longest of the reading frames, TCF-1E with the inclusion of the alternative exon IVA, was still significantly smaller than the predominant band observed in Jurkat T cells or in human thymocytes (Fig.  4) . Unexpectedly, inspection of the published murine 5Ј untranslated sequence revealed the existence of a reading frame with striking similarity to N-terminal sequences of Lef-1 and of chicken Tcf-1. The comparison indicated that the murine cDNA clone was incomplete and started at codon 55 (Fig. 3B) . Importantly, the murine 5Ј sequence deviated completely from exon I of human TCF-1 but was highly homologous to its human counterpart from exon II onward. To investigate whether alternative transcripts existed in human cells, we screened the HPB-ALL cDNA library with a short probe representing the unique 5Ј region of the murine cDNA clone. We identified multiple clones that contained sequences homologous to the murine 5Ј end, spliced to exon II. By RACE, these sequences were also found in freshly isolated human thymocytes (not shown). Unfortunately, a strong stop for reverse transcriptase was consistently encountered around amino acid position 80 (Fig. 3B) . We therefore screened a murine cDNA library with the 5Ј probe. Of 12 sequenced clones, one extended upstream of the expected novel translation initiation site; all others again terminated in the region of high CG content approximately 80 codons downstream of the presumed initiator methionine. Alignment of the complete N terminus of TCF-1 with Lef-1 and chicken Tcf-1 confirmed the expected sequence conservation (Fig. 3B) .
All novel sequences were present on the genomic phages previously used to resolve the human TCF-1 gene structure (23) . This allowed us to draw a (presumably) complete map of the TCF-1 gene (Fig. 1) . The novel 5Ј sequences could be assigned to two exons, termed exon IaЈ and exon IbЈ. As these two exons were located directly upstream from the previously reported transcription start site (23), the two promoters mapped very closely together. The CpG island that we originally identified as the TCF-1 promoter (23) started within the first exon of the upstream promoter and included the second exon (Fig. 1) . Nevertheless, the previously published functional promoter data (23) reflect properties of the downstream promoter only, as the upstream promoter was not included in the tested fragment.
Expression in COS cells of several of the human splice forms with the extended N terminus and subsequent Western blotting revealed proteins of up to 60 kDa (Fig. 4) . Comparison with extracts from thymocytes indicated that the predominant in vivo isoforms of TCF-1 most likely contained the extended N terminus and the TCF-1B C terminus, with or without exon IVA. In order to introduce a unequivocal nomenclature, we propose to name the TCF-1 isoforms by their molecular weights (which discriminates which N terminus is present and whether exon IVA is being used), in combination with TCF-1A to -E to distinguish the C termini. Figures 4 and 5 give eight of the predominant isoforms.
Lef-1 has been shown to transactivate transcription in a context-specific fashion through a small fragment from the T-cell-specific TCR-␣ enhancer (1, 8, 9) . We have recently identified a murine B-cell line in which cotransfection of a Lef-1 expression construct enhances the activity of the TCR-␣ enhancer up to 100-fold (20) . This effect is an order of magnitude higher than that reported for various other non-T-cell lines (1, 8, 12, 20) . In this B-cell line, an optimal constellation of transcription factors preexists which is apparently silent by itself but strongly supports TCR-␣ enhancer activity upon transfection of Lef-1. The identity of these factors is the subject of ongoing research. Nevertheless, this AZU2 cell line allowed a highly sensitive assay system with which to evaluate transactivation properties of the various TCF-1 isoforms. Eight of the most prominent human TCF-1 isoforms, cloned into an appropriate expression vector, were separately cotransfected with a TCR-␣ enhancer/c-fos promoter-driven CAT reporter gene construct (8) . The four isoforms with short N termini all moderately transactivated transcription through the TCR-␣ enhancer (Fig. 5A) . The four isoforms with long N termini did not affect activity of the reporter construct to any significant extent. This pattern was consistently seen over a range of concentrations of the expression plasmids. The inactivity of the longer forms was not due to ineffective expression: the translation initiation sequence of the longer N terminus (gcacc ATGc) adheres considerably better to the Kozak consensus than that of the shorter form (agcggcATGt). In line with this, the expression constructs with the longer forms were expressed to severalfold-higher levels than those encoding the shorter forms, as assessed by Western blotting and nuclear staining of transfected cells (not shown).
As the HMG boxes of Lef-1 and Sry in isolation transactivate transcription in the TCR-␣ enhancer assay (9), we tested whether this also held true for the TCF-1 HMG box. Indeed, as demonstrated in Fig. 5B , coexpression of the TCF-1 HMG box with the TCR-␣-CAT vector resulted in transactivation.
Figure 5B also demonstrates that chicken Tcf-1 moderately transactivated transcription through the TCR-␣ enhancer.
To shed more light on the basis for the functional differences between short and long TCF-1 isoforms, we performed several experiments. In vitro transcription-translation revealed that DNA-binding affinities did not significantly differ between P 33 TCF-1 and P 45 TCF-1, indicating that the N terminus did not directly interfere with the HMG box-DNA interaction (Fig. 6) . Deletion of the N terminus of Lef-1 up to the position (amino acid 100) homologous to the start of the shorter TCF isoforms resulted in reduction of the transactivation capacity to a level comparable to that of these TCF-1 isoforms (Fig. 5C) . Exchange of this region in human LEF-1 for the homologous region of TCF-1 further decreased the activity to a level comparable to the long TCF-1 isoforms (Fig. 5C) . The shorter LEF-1 form and the TCF-1-LEF-1 chimera were as effective as short or long TCF-1 isoforms in abrogating transactivation mediated by wild-type LEF-1 (Fig. 5D) . We concluded (i) that the N terminus of LEF-1 was crucial for its strong transactivating capacity in our system and that it could not be replaced by the homologous region of TCF-1; and (ii) that the TCF-1 N terminus did not interfere with DNA binding of the intact TCF-1 protein but that, both in the contexts of both TCF-1 and LEF-1, it blocked the transactivating potential of the N-terminally truncated proteins in the TCR-␣ enhancer assay.
DISCUSSION
The present study highlights the complexity of transcripts that emanate from the human and murine TCF-1 genes. The presence of two promoters, of four alternative exons, and of three splice acceptors sites in the last exon yield a theoretical total of 96 different mRNAs. Direct sequencing has revealed the presence of all novel sequences on previously described genomic fragments encompassing the human TCF-1 gene (23), underscoring the authenticity of the newly identified exons (Fig. 1) .
The unexpected identification of an upstream promoter extends the known N terminus by 116 amino acids. This novel region is similar to Lef-1 (and chicken Tcf-1) throughout its length. The translation start site of the previously described short N-terminal forms of TCF-1 coincides with methionine residue 117 of the extended form of TCF-1. In addition, a newly identified exon (IVa) of TCF-1 is homologous to an alternative sequence found in human LEF-1 (29) . C terminal to the HMG box, the homology to LEF-1 is completely lost. The LEF-1 protein actually carries a small constitutive C terminus. This contrasts with the multiple C termini of TCF-1. The TCF-1B and TCF-1E C termini (in that order) appear to be the most abundant sequences. TCF-1B is likely of functional importance because of the virtual identity to the C terminus of chicken Tcf (3). The conservation of TCF-1E Cterminal sequences between human and mouse TCF-1 genes again implies a conservation of function.
The significance of the inclusion of exon IIa (with two inframe stop codons) in TCF-1 mRNA is currently unclear. Theoretically, the conceptual translation product is a 16-kDa peptide that could block normal functioning of the TCF-1 N terminus. As the function of this N terminus is different from that of the N terminus LEF-1 and remains to be resolved (see below), this notion can currently not be tested.
Western blotting of extracts prepared from sorted human thymocyte subpopulations has not revealed significant differences in abundance between individual TCF-1 isoforms (18) . Thus, neither alternative splicing nor promoter activities appear to be regulated in a stage-specific fashion during T-lineage differentiation.
With the use of a reporter gene construct based on the T-cell-specific TCR-␣ enhancer, we show that a subset of TCF-1 isoforms transactivates transcription. Importantly, none of the isoforms can transactivate transcription through a concatemer of the recognition sequence (not shown). TCF-1 was 10-fold less potent in transactivating the TCR-␣ enhancer than LEF-1. However, the expression of TCF-1 mRNA in the thymus and in T-cell lines is up to 100-fold higher than that of LEF-1, as assessed by probing of cDNA libraries. Specifically, the frequency of TCF-1 clones ranges up to 1 per 200 to 500 (30) . Their yield was approximately 5 ng/10 6 cells. In the last two steps, a twofold decrease of LEF-1 protein occurred. On the basis of this report, a realistic estimate of the amount of LEF-1 protein would be 20 to 50 ng/10 6 cells. It appears reasonable to assume that the abundance of TCF-1 protein compensates for its poorer ability to transactivate the TCR-␣ enhancer compared with that of LEF-1. Given these considerations, we believe that TCF-1 and LEF-1 may perform redundant functions with respect to the control of TCR-␣ gene expression.
It is somewhat curious that the long TCF-1 isoforms do not transactivate transcription, despite the fact that they appear closer in sequence to LEF-1 than their smaller counterparts. We believe that the shorter forms of TCF-1 transactivate solely because of the interaction of the HMG box with the TCR-␣ enhancer. The additional effect of full-length LEF-1 derives mostly from its N terminus (references 1, 8, and 9 and this report). We demonstrate here that the N terminus of TCF-1 cannot replace that of LEF-1 in the TCR-␣ enhancer assay. The nonfunctional TCF-1 N terminus does not prohibit DNA binding. It does, however, interfere with context-specific transactivation on the TCR-␣ enhancer in transfected cells, possibly by steric hindrance. It appears likely that the functions of the N termini of LEF-1 and TCF-1 have diverged, the LEF-1 N terminus being relevant for the TCR-␣ enhancer and the TCF-1 N terminus being relevant for as yet unidentified target genes.
The functional redundancy between the shorter TCF-1 isoforms and LEF-1 provides an explanation for a paradox that has resulted from individual gene knockout experiments. Tcf-1 knockmice display a severe impairment in thymocyte development, which is blocked at the immature single positive stage (28) . Since the mutation is leaky, particularly around birth, peripheral T cells occur, albeit at reduced levels. These T cells (25) . Disruption of the Lef-1 gene affects hair follicle, tooth, mammary gland, and trigeminal nucleus development but, surprisingly, leaves the immune system intact (25) . As in Tcf-1 Ϫ/Ϫ mice, TCR-␣ expression in Lef-mutant mice is unaffected.
As described above, several studies have established that, at least when tested in transient transfections, TCR-␣ is strongly dependent on the TCF-LEF site and that LEF-1 is a potent, context-dependent transactivator for this enhancer (1, 8, 9) . The current study predicts that TCR-␣ expression will be affected only in double-knockout mice. Such experiments are currently under way (14) .
The exquisitely T-cell-specific phenotype of the Tcf-1 knockout mice remains unresolved at the molecular level. The identification of numerous novel Tcf-1 isoforms now allows the creation of transgenic mice expressing single isoforms of Tcf-1 in order to evaluate which forms can complement the phenotype. Molecular analysis of wild-type, mutant, and mutantcomplemented mice will allow the identification of crucial genes, downstream of Tcf-1 in the T-lineage differentiation pathway, that are dependent on proper Tcf-1 function.
